Theoretical arguments and experimental evidences are presented which suggest that the above-mentioned question should be answered in the affirmative, and that an ideal place to study this question is high-energy diffractive lepton-nucleon scattering. It is shown that the general concept of "self-organized criticality for dissipative dynamical systems" introduced by Bak, Tang and Wiesenfeld, in particular the dynamical aspects of "cluster-formation" and "cluster-lifetime" in such evolution processes, are extremely useful in describing systems of "soft-gluons".
namical systems" should be discussed when we deal with "systems of interacting soft gluons" is of considerable interest for several reasons: (A). Some time ago, Bak, Tang and Wiesenfeld (BTW) pointed out [ 1 ] that dissipative dynamical systems with many degrees of freedom may evolve to a critical state with fluctuations extending over all length-and time-scales; and that such self-organized critical states give rise to spatial and temporal power-law scaling behaviors associated with fractal structure and flicker noise respectively. BTW [ 1 ] and many other authors [ 2 ] proposed, and demonstrated by numerical simulations, the following: Dynamical systems with local interacting degrees of freedom can evolve into self-organized structures of states which are barely stable. A local perturbation of a critical state may "propagate", in the sense that it spreads to (some) nearest neighbors, and than to the next-nearest neighbors, and so on in a "domino" effect over all length scales, the size of which can be as large as the entire system. Such a "domino effect" eventually terminates after a total time T , having reached a final amount of dissipative energy and having effected a total spatial extension S. The quantity S is called by BTW the "size", and the quantity T the "lifetime" of the dynamical system -named by BTW a "cluster" (hereafter referred to as BTW-cluster). As we shall see in more details later on, it is of considerable importance to note that a BTW-cluster cannot], and should not] be identified with a cluster in the usual sense. In particular, the former is not] a static] object which remains unchanged until it decays after a time-interval (known as the lifetime in the usual sense). It has been shown[ 1, 2 ] that the "size", (perhaps more appropriate) the dissipative energy, (S) and the lifetime (T ) of such BTW-clusters in dynamical systems obey power-laws:
where µ and ν are positive real constants. In fact, such spatial and temporal power-law 1 scaling behaviors can be, and have been, considered as the universal signals -the "fingerprints" -of the locally perturbed self-organized critical states in a given dynamical system.
It is expected [ 1, 2 ] that the general concept "self-organized criticality", which is complementary to chaos, may be the] underlying concept for temporal and spatial scaling in a wide class of dissipative non-equilibrium systems]. It is known that the concept of self-organized criticality is applicable to macroscopic as well as to microscopic systems; and in particular, it has been suggested, and supported by numerical simulations on simple model systems, that turbulence , earthquakes, galaxy clustering and quark-hadron phase transitions as well as economics may operate at the self-organized critical state [ 1, 2 ] . Hence, with the question stated in the title of the present paper, we are asking, whether this general concepts for dissipative non-equilibrium systems may also play a role at the sub-hadronic level (quarks and gluons which interact with one another locally through "color forces").
(B). Quantum Chromodynamics (QCD), based on the requirements of local gauge invariance and SU(3)-color-symmetry, is known (since the 1970's) as the only] candidate for the theory of strong interactions. The gauge-boson in this theory (the counterpart of the photon in Quantum Electrodynamics, QED) is the gluon which exists in eight different color-states.
But, in contrast to photons, gluons can directly interact with one another. Because of this fundamental difference between photons and gluons, it is of particular interest to see how gluon-gluon interactions manifest themselves experimentally. Do we expect to see any effect due to such interactions in scattering processes in which gluons play a dominating role. We recall that, while perturbative calculations have been successfully applied in describing various "hard" scattering processes, it is difficult for this theory to deal with the "soft" ones -namely those processes in which the "running coupling constant α s " are expected to be larger than unity, and thus the perturbative expansion is no more reliable. This means, for the description of such processes, non-perturbative methods based on QCD are expected to be welcomed. Does this remark also apply to inelastic lepton-nucleon scattering in the A simple and effective way to see whether the general concept "self organized criticality" plays a role in diffractive electron-proton scattering, is certainly to find out whether the "fingerprints" mentioned in Eqs. ( 1) and ( 2) indeed exist in the experiments [3] [4] [5] . For this reason, we take a closer look at the existing data [ 5 ] for the "diffractive structure function"
(β, Q 2 ; x P ) which is related to the differential cross-section for diffractive electronproton scattering
in analogy to that for normal deep-inelastic eletron-proton scattering
The kinematical variables, in particular Q 2 , x B and x P are directly measurable quantities; the definitions of which are shown in Fig.1 , together with the Feynman graphs of such scattering processes. We recall that, although these variables are Lorentz-invariants, it is sometimes convenient to interpret them in a "fast moving frame", for example the electronproton center-of-mass frame where the proton's 3-momentum P is large, (i.e. its magnitude | P | and thus the energy
1/2 is much larger than the proton mass M).
While Q 2 characterizes the virtuality of γ * , x B can be interpreted (in the framework of the celebrated parton model), in such a "fast moving frame", as the fraction of proton's energy P 0 (or longitudinal momentum | P |) carried by the struck charged constituent. We also recall, in the framework of the parton model, F 2 (x B , Q 2 )/x B can be interpreted as the sum of the probability densities for the above-mentioned γ * to meet such a charged constituent inside the proton. In analogy to this, F
(β, Q 2 ; x P )/β can be interpreted as the sum of the probability densities for γ * to meet a charged constituent which carries a fraction β ≡ x B /x P of the energy (or longitudinal momentum) of the colorless object. Here, the quantity x P stands for the fraction of proton's energy (or longitudinal momentum) carried by the charged-neutral and color-neutral gluon-system which we hereafter denote by c * 0 (in Regge pole models [ 7 ] it is known as the "pomeron"). In fact, as we can explicitly see in Fig.1 , β is nothing else but the Bjorken-variable with respect to c * 0 , (this is why it is called x BC in Ref. [ 6 ] ). This means, a diffractive e − p scattering event can be envisaged as an event in which the virtual photon γ * collides with "a c * 0 -target" instead of "the original protontarget". Having such a picture in mind, we are automatically led to the following questions:
Is it possible and meaningful to discuss the x P -distributions of the c * 0 's without knowing the intrinsic properties (in particular the electromagnetic structures) of such objects? Is it possible and meaningful to describe the electromagnetic structure of c * 0 as if it were an ordinary charge neutral hadron (e.g. to a neutral pion
To answer the first question, we recall the similarities and the differences between the role played by the gluons (g's) in describing F 2 (x B , Q 2 ) and the colorless gluon clusters (c *
It is well-known that, for normal deep-inelastic e − p collision 4 events the structure function F 2 (x B , Q 2 ) can be expressed in term of the distributions of partons, where the partons are not only quarks and antiquarks but also gluons (which may for example contribute to the structure function by quark-antiquark pair creation). In fact, in order to satisfy energy-momentum-conservation, the contributions of the gluons
has to be taken into account in the energy (momentum) sum rule
for all measured Q 2 -values. Here, g(x g , Q 2 ) is the probability density for the virtual photon γ * (with virtuality Q 2 ) to "meet" a gluon (and interact with its electromagnetic contents)
which carries the energy (momentum) fraction x g of the proton, and q i (q i ) stands for the probability density for this γ * to interact with a quark (or an antiquark) of flavor i and electric charge e i which carries the energy (momentum) fraction x B of the proton. In a kinematical region (e.g. for x B < 10 −2 ) in which the contributions of the gluons dominate, we can write (according to the usual method [ 9 ] , see also the discussion below):
In exactly the same manner, we can consider the probability density D S (x P |β, Q 2 ) for γ * in the diffractive scattering process to "meet" a c * 0 which carries the fraction x P of the proton's energy (momentum). Here, β simply indicates the corresponding fraction carried by the struck charged constituent of c * 0 . In analogy to the relationship between F 2 (x g , Q 2 )/x g and g(x g , Q 2 ) shown in Eq. ( 6), we expect
In fact, such a distribution can be considered as "the universal x P -distribution of c * 0 's", if this x P -distribution depends little on the variables Q 2 and β. In order to compare this picture with the experimental data
The result of such a log-log plot is shown in Figs. 2 and 3. The data seems to suggest that the probability-density for the virtual photon γ * to meet a color-neutral charged-neutral object c * 0 with energy (longitudinal momentum) fraction x P has a power-law behavior in x P , and this behavior depends very little on Q 2 and β. The power is approximately −2.1. This is to be compared with D S (S) in Eq. ( 1), while x P (for obvious reasons) is a measure of the dissipative energy (the size) S discussed by BTW. Note however, the weak-dependence of
can be and/or should be factorized into two factors, namely one depending only on x P and another which depends only on β and Q 2 . This point will be discussed in more detail below.
In connection with the analogy between gluons and gluon clusters, it is also useful to note the significant difference between x g and x P , and thus the
of the gluons and the x P -distribution D(x P |β, Q 2 ) of the c * 0 's: Both x g and x P are energy (momentum) fractions of charge-neutral objects, with which γ * cannot directly interact.
But, in contrast to x g , x P can be readily determined experimentally from
by measuring the quantities Q 2 , M 2 x and W 2 . Here, Q, M x and W stand respectively for the invariant momentum-transfer from the incident electron, the invariant-mass of the final hadronic state after the γ * − c * 0 collision, and the invariant mass of the entire hadronic system after the collision between γ * and the proton. The method of determining x P from experiments is also helpful in extracting the
as we can explicitly see from the proportionality shown in Eq. (7) and the results of the log-log plots shown in Figs.2 and 3.
After having answered the first, let us now turn to the second question, namely "Is it useful and meaningful to describe the electromagnetic structure of c * 0 in the same manner as that of a hadron?". We recall that c * 0 is a color-neutral and charge-neutral object, and that a photon can only directly interact with an object which has electronic charges and/or magnetic moments. Having these in mind, it is tempting to assign c * 0 an electromagnetic structure function -in analogy to those for the charge-neutral hadrons (e.g. neutrons 6 or π 0 's) -and study the interactions between the virtual photon and the quark(s) and antiquark(s) inside c * 0 in a similar manner. Now, since the structure of an object is expected to be independent of the momentum it carries, the introduction of such a structure function requires the factorizability of F
(β, Q 2 ; x P ), namely:
Here, F 
where q show almost no Q 2 -dependence). The result of such a plot is shown in Fig.4 . As we can see,
there is a very significant x P -dependence! In fact, the form of the data-sets for a given x P (in Fig.4 , they are connected by lines to guide the eye) are very much different for different
x P -values. Note in particular that according to Eq. ( 9), by choosing a suitable f P (x P ) we can shift the curves for different x P -values in the vertical direction; but we can never change the forms of the curves for different x P -values! Now, since such a x P -dependence implies that no structure function F c 2 (β, Q 2 ) of c * 0 can be defined which is independent of the momentum it carries, we are led to the conclusion: A c * 0 cannot be viewed as a stable hadronic system which has a given electromagnetic structure! In the discussion above, we have tacitly assumed that the impulse-approximation (which is the basis of the parton-model) is valid for all the processes we discussed. To be more precise, until now we treated everything in the proton (quarks, antiquark, gluons as well as the interacting gluon-systems c * 0 's) as stable objects, although we know that the virtual photon γ * is associated with a given interaction-time τ int (Q 2 , x B ) characterized by the values Q 2 and
x B of such scattering processes. Having in mind that, the validity of impulse-approximation implies that τ int should be much smaller than all other time-scales (in particular the aver- We note that τ int can be estimated by making use of the uncertainty principle. In fact, by calculating 1/q 0 in the above-mention reference frame, we obtain
which implies that, for given | P | and Q 2 values,
This means, for diffractive e − p scattering events in the small-x B region at given | P | and Here, we not only see how the dependence on the time-degree-of-freedom can be extracted from the existing data [ 5 ] , but also see that, for all the measured values of β and Q 2 , the quantity
is approximately a function of x B alone. In other words, p(x B |β, Q 2 ) ≈ p(x B ) independent of β and Q 2 . Furthermore, we see from the straight line structure in this log-log plot, that p(x B ) obeys a power-law.
What does this piece of experimental fact tell us? What can we learn from the distribution of the lower limit of the lifetimes (of the gluon-systems c * 0 's)? In order to answer these questions, let us, for a moment, assume that we know the lifetime-distribution D T (T ) of the c * 0 's. In such a case, we can readily evaluate the integral
and thus obtain the number density of all these clusters which live longer than the interaction time τ int (x B ). It means, unless there are dynamical correlation (which we do not know and which we neglect) between the interaction time τ int (x B ) and the lifetime T of c * 0 , we expect to
] is simply the probability density for γ * [associated with the interactiontime τ int (x B )] to be absorbed by c * 0 's with lifetime T > τ int (x B ). Now, since knowing p(x B ) 9 implies knowing I[τ int (x B )], we can now obtain the distribution D T (T ) from Eqs. ( 11), ( 12), ( 13) and ( 14):
This means in particular, the fact that p(x B ) obeys a power-law in x B implies that D T (T ) obeys a power-law in T , as that shown in Eq. ( 2) . In order to see the quality of this power-law behavior of D T and the quality of its independence of Q 2 and β, we compare the above-mentioned behavior with the existing data [ 5 ] . In Fig.6 , we show the log-log plot
We note that the former is approximately F
. This is because p(x B |β, Q 2 ) is defined in Eq. ( 13); and (as we can see from Taken together with the universal "fingerprints" mentioned in Eqs. ( 1) and ( 2), the results shown in Eqs. ( 7), ( 13) and ( 15) as well as in Figs. 3 and 6 strongly suggest the following: The general concept of self-organized criticality may play a significant role in understanding the experimental findings [3] [4] [5] at HERA. This is because, theoretically speaking, in a kinematical region (x B < 10 −2 , say) in which the density of "soft" gluons is very high, the interaction between such gluons are expected to play a dominating role.
Although such interactions in accordance with basic principles of QCD are local, the effects may never-the-less have extended temporal and spatial dimensions, provided that the system of such soft gluons are dissipative non-equilibrium system in the sense of BTW. It means, in accordance to QCD, gluons (as well as quarks and antiquarks which are considered as backgrounds in this dissipative non-equilibrium) in such a gluon system may evolve by selforganization into critical states, which (through perturbation) lead to BTW-clusters. One way -perhaps the most effective way -to see whether BTW-cluster indeed exist in systems of soft gluons is try to find out whether the universal "fingerprints" mention in Eqs. ( 1) and ( 2) show up in the corresponding experiments [3] [4] [5] . As we have seen in this paper, especially in Eqs. ( 7), ( 13) and ( 15) by using a two-dimensional square lattice in space. In HIM, the interaction between two spin-1/2 fermions sitting on two neighboring lattice sites is due to the exchange of a virtual photon in three different (polarization) states. In GoL, the interaction which propagates between two neighboring lattice sites is caused by the exchange of a gluon in eight different color states (because the gluons form color SU(3) octet). Furthermore, in contrast to HIM, the time-degree-of-freedom plays an important role in GoL.
In fact, what we look at in GoL is a sequence of two-dimensional square lattices ordered in time which proceeds when we go from one to the next step. To be more precise, in terms of gluons, "a new individual will be born at the next time step" and "it will die at the next step" simply means gluon-emission and gluon-absorption respectively. Furthermore, we see that in GoL: The requirement that "a cell with 2 or 3 neighbors can survive" simulates that only local-interactions of 3 gluons and 4 gluons are allowed by QCD. The requirement that a cell can be made alive if it has 3 neighbors simulates that the 4-gluon-coupling (α 2 s ) plays the dominating role when the running coupling constant α s is greater than unity. In other words, from a QCD point-ofview, it is not surprising to see that the GoL cannot work if we change (either partly or entirely) the rules. Last but not least, the following should also be mentioned: The fact that "life" in GoL is not a conserved quantity nicely simulates the experimental fact that the number of gluons is not conserved in a system of gluons. It is true that the existing cellular automaton "Game of . The result of such a study is in process and will be discussed in more detail elsewhere. The more experienced automata-builders are invited to join the game. β). Since the above-mentioned clusters of gluons may or may not be color-singlets, we also have to ask the following question: What is the percentage of color-singlets if the observed gluon-clusters are BTW-clusters? Here, we recall the dynamical nature of BTW-clusters, and envisage that a BTW-cluster is actually a system a gluons which emits and absorbs gluon during its lifetime; and recall that the creation and/or annihilation of gluons are described by local couplings allowed by QCD. Having these in mind, we immediately reach the conclusion that every gluon cluster in the BTW-sense should be associated with color-quantum-number of either a color-singlet or that of a color-octet. This means, statistically speaking, one-ninth of all gluon clusters are colorless. This is in agreement with the experimental fact[ [3] [4] [5] ] that the ratio of large-rapidity-gap-events to normal events in the small-x B region (where gluon cluster are assumed to dominate) is approximately 8-12 percent, depending on the value of η cut , the experimentally chosen value for the "cut" which is need to obtain the pseudorapidity(η)-spectrum of large-rapidity-events and to obtain the ratio of the two types of events. (β, Q 2 ; x P )/x P is plotted as a function of x P in the indicated β-and Q 2 -ranges.
The data are taken from Ref. [5] . (β, Q 2 ; x P )/x P is plotted as a function of x P for different β and Q 2 . The data are taken from Ref. [5] . The straight-lines refer to F 2 (β, Q 2 ; x P )/x P = 0.017x
which is a fit to the data by using the least square method. (β, Q 2 ; x P )/β is plotted as a function of β for given x P -intervals and for all Q 2 -values.
The lines are only to guide the eye. The data are taken from Ref. [5] . (β, Q 2 ; x P )/β is plotted as a function of x B in the indicated β-and Q 2 -ranges. The data are taken from Ref. [5] . 
